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(57) Abstract: The present invennon aims to pro^ 

allowing a signal to be prevented ^^^^^^^SS^^^ - intensity of an optical signal 
adjustment accuracy. An optical intensity modulation ^ m f^ f ^?^^lJ ^ havi ng its intensity modulated into two 
generated by a light source (12) with a radio frequency signal ^dmdes the optrcal sig g ^ ^ ^ 

optical signals. The optical intensity modulation sec ^j 1 ^ 0 ^^^ 0 ^^ signals L transmitted through two separate 

0P Ic« 

signals transmitted via the two optical fibers (31 and 32). 



j^^!P2004/008473 

WO 2004/112285 



DESCRIPTION 

OPTICAL TRANSMISSION 



SYSTEM 



. DEVICE . AND METHOD FOR RADIO FREQUENCY 



TECHNICAL FIELD 
^p^nUnvenUon^estoas^, ^ce, andmethod 

for radio freguency (RF) optical transmission, - 
particularly to a — optical — — 

adulated RF signal (in particular, a signal xn 
transmitting a modulated wr b a 

hand , a aevice (a control station) for use xn 
10 a millimeter-wave band) , a devx 

d an RF optical transmission method for use with 
the system, and an RF option 



the system. 



BACKGROUND ART 

Xn a system for perking radio co„m,unication using an 

slgn al in a microwave or « — *^ 

* «mit a signal between a control statxon 
has been expected to transmit a sxgnax 

and a hase station using an optical transmission s*e whic - 

an optical fiher offering a wide transmission .ana ana low 

• los s It is expected that a frequency band for use 
20 transmission loss. It is e*y 

< .« m is shifted from the microwave hand to the 
in radio communication is snm-o 

^eter-wave hand. — g iy . there has heen an increasing 
neea of a radio communication system using an Br signal, 
particularly, in a millimeter-«ave hand. 

PIG. 23 is a schematic diagram showing a conventional radio 
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eo^t^x^oco^ca^ons^.nc^saco^oxstat.on 

100 « t r ans.„ittin g an opticaX si g naX . . case — » ^ 
12n (n .x. sa,e «-l - receive the optic^X si^aX. * 

transferrlng the opticaX si g naX. « oont-X 

It- an opticaX si g naX .odoXated with an si 9 naX in a 

w * *=rvr evamole. The optical 
m iinmeter-wave band, for exampxe 
microwave or millimeter wet 

slg naX transited «- the controX station X00 p t opa g ates thron.h 

12 n. where aphotoreceXve, (not shown, per. o^s opticaX-eXectrioaX 
conversion on the optxoax si 9 naX. a sX g naX obtained b y 
optxcax-exectrxcax conversion Xs transited to a receiver 

t>t? Hnnai in a microwave or 
terminaX devXce (not shown) as an RF s.gnaX 

15 miiltoeter-wave band, tor exampXe. 

However. Xn the case where. *or exa^Xe. X.SS Xi.ht 
mo duXated with t h e s lg naX prepares throu g h a X 3X ». 
2er o-dispersion fiber, a sX 9 naX power intensit, « the 
llg ht is periodicaXX, attenuated at periodicai trans-nissron 
20 stances. periodic attention - the si 9 naX power 

in tensitv ooccrs .eca.se opper and Xower sXdeband co^onente 
gen6 rated when the intensit, oi the opticaX sX g naX Xs ^dnXated 

4 nfi uenced by chromatic dispersion xn the 
with the RF signal are inf luencea oy 

optical fiber. 

Speci, icaXX, . in tne case where tne intensit. of tne optrcaX 
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oomponents generated in upper and lower rre.ency — - - 

.ocordingly. — in phase caused when propagating throng* 

„ ah ffarsnt between the upper ana 
the optical fiber is considerably different b 

10 wersidebandcomponents. Therefore, depending on the distance 
th e modulated optical signal prepares, the npper and lower 

^ 180 o out of phase with each other. ir 
sideband components can be 180 out o 

0 t he photoreceiver performs optical-electrical conversion - ^e 

oomponents are ISO" ont of phase with each other, a beat opponent 
proau ced by the optical carrier wave and the upper sideband and 
.beatco.onentproducedb.theopticalcarrierwaveandthe lower 

15 sld ebandcancelouteachothe, results in loss of the .nodulate* 
optical s ig nal subjected to the optical-electrical conversion. 

PIG. 24 is a graph showing an exemplary relationship between 
.rans^ssiondlstancesandpowerofrecelvedtrans^ssionsionals^ 

As isapparentfrom PI 0. M . the adulated optical si 9 nal subjected 
20 to the optical-electrical conversion is lost at periodical 
transmlssiondistances. *s the frequency of the modulated optica 

- hlaher the periodical transmission distances 
signal becomes higher, tne t> 

Tn optical transmission, in the case of 
become narrower. In optical 

emitting a modulated signal, particularly a millimeter-wave 
25 signal, the signal might be lost at periodical transmission 
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distances. . . 

In oraer to prevent «- afcove profcXe*. opt.caX 

^gXe-sXaefcane CSSB, .noauXatXon Xs c— — *• - — « 
. ^^s^su^ec^toop^x-exec^convers^^ 
.eXagXost. --"^esc^Xnae^X.-e^ 
a-netax.. ^o„ nE - 

ln riber -WXreXess *~ XncorporatXng BxternaX 
IEEE Tr ansactXons on HXcrowave Tfceor, an* TecfcnX^es. VoX. . 
10 NO. 8. PP. X4X0-X4XS. August. X997. 

FIG . 25 Xs a »XocK oXagran. sbowXng tae structure o £ 

. f . ftr no described in the 
conventional optical transmitter 

n< Hon The optical transmitter 110 
above-mentioned publication. The P 

4. i oi-ai-ion 100 shown in FIG. 23. 
corresponds to the control station 10 

InPIG . 2 S.t h eoptXcaXtran Smi tterXX0 1 n C Xu a e S a DF BXaser 

Ul an XsoXator XX 2 . a poXarXsatXon controXXer XX3. a sXgnaX 
generator XX4 , an ampXXf Xer XX5 , abator XX, a plater 
117 . ana a Macn-^nder opttcaX XntansXt y rcoauXator * 

^ DFB Xaser XXX Xs operate to output an optXoaX sxgnaX 
20 asa carrXer W ave. ^e optXoaX sXgnaX outputte* * ro m « « -~ 
XXX Xs Xnputte* Xnto tfce optXoaX XntensXt, ^uXator 

U. vXa «- XsoXator XX. an* tne P oXarX Z atXon controXXer XX3 . «. 
ls oXator XX 2 xs operate to prevent XXg.t remote. W « 
polari ,atXon controXXer XX3 ^ retumXng to t*e BPB Xaser XX, 
25 Theis oXatorXX 2 Xst y pXoaXX y XncXu aea Xnt h e DF B Xaser XXX. - 
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polarisation controller U3 is operable to conUo! output light 
so as to nave a predetermined polarisation plane. The signal 
g enerator 114 is operable to output an RF optical transmission 
signal. The RF optioal transmission signal is amplified to a 
5 predetermined level by tne amplifier US. and is divided into two 
signals by the distributor 116 . One of tbe two signals is inputted 
^otheMach-ZehnderoptioalintensltymodulatorUewithoutbeing 

processed, while tbe otber signal is phase-shifted by 90' by tbe 
phase adjuster 117 . and thereafter inputted into tbe Maoh-Zehnder 
10 optical intensity modulator 118. 

By modulating tbe intensity of tbe optioal signal inputted 

_,„ = , ( „ tm sitv modulator 118 with tbe 
into the Mach-Zehnder optical intensity m 

RF signal phase-sbif ted by 90". it is made possible to obtain an 
optical signal containing only an optical carrier wave and 
15 single-sideband components. Xn tbis manner, tbe SSB modulation 
ls carried out using a signal phase-sbif ted by 90M-e. . a signal 
having a phase advanced or delayed by 90°. 

In the case where an RF signal containing only a carrier 
waveandsingle-sidebandcomponentsasdescribedaboveismodulated 

20 and subjected to optical-electrical conversion, upper and lower 

generated. accordingly, the modulated RF signal after tbe 
optical-electrical conversion is not lost even if it is transmitted 
. xong distance via an optical fiber. Therefore, in optical 
25 transmission using tbe SSB modulation, it is possible to prevent 
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the modulated RF signal from being *»* due to the influence of 

chromatic dispersion. 

in the above-described conventional transmission technique . 
nowever. it is necessary to divide an RF signal into two signals 
ana perform a phase adjustment on one of the two signals such that 
the phase of the signal is advanced or delayed hy ,0'. Moreover, 
considerably high adjustment accuracy is required for the phase 
adjustment since the wavelength of an RF signal, particularly a 
millimeter-wave signal, is considerably short. 

Therefore, the present invention aians to provide an RF 
optical transmission system having a simple structure while 
aiiowingasignaltohepreventedfromheinglostduetotheinfluence 

o* chromatic dispersion without requiring considerably high 
adjustment accuracy. The present Invention also aims tc provide 
15 a device for use in the system and a method for use with the system. 

DISCLOSURE OF THE INVENTION 
To achieve the above objects, the present invention has the 

following aspects. 

A first aspect of the present invention is directed to a 
E adio frequency optical transmission system for optically 
transmitting a radio frequency signal. The radio frequency 
optical transmission system includes: a control station for 
generating two phase-conjugated optical signals having their 
25 intensities modulated with the radio frequency signal, and 
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transmitting the generated two phase-conjugated optical signals 
ln a predetermined transmission form via an optical transmission 
path; and at least one base station for receiving the two 
phase-conjugated optical signals transmitted in the predetermined 
5 transmission form from the control station via the optical 
transmission path, and selectively processing one of the received 
two phase-conjugated optical signals which has a greater signal 

power intensity. 

Typically, the control station includes: a light source for 
10 outputting an optical signal: and an optical intensity modulation 
section for modulating an intensity of the optical signal outputted 
from the light source with the radio f regency signal, and for 
generating two phase-conjugated optical signals based on the 
optical signal having its intensity modulated, and transmitting 
15 the generated two phase-conjugatedoptlcal signals via the optical 

transmission path. 

Typically, the base station for use with the control station 
includes: an input switching section for receiving the two 
pfcase-conjugatedopticalsignals via the optical transmission path. 
2 „ and selectively outputting a predetermined one of the received 
two phase-conjugated optical signals in accordance with a 
transmission distance to the control station: and a light reception 
section for converting the predetermined optical signal 
selectively outputted from the input switching section into a radio 
25 frequency signal. 
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Alternatively, the base station may include = a first light 
reception section for receiving one of the two phase-conjugated 
optical signals via the optical transmission path, and converting 
the received optical signal into a radio frequency signal, a second 
5 Ught reception section for receiving another one of the two 
phase-condugatedoptical signals via the optical transmissionpath. 
and converting the received optical signal into a radio frequency 
signal, and an input switching section for receiving the radio 
frequency signals respectively outputted from the first and second 
10 light reception sections. and selectively outputting a 
predetermined one of the received radio frequency signal in 
accordance with a transmission distance to the control station. 

Alternatively still, the hase station may include: a first 
light reception section for receiving one of the two 
15 phase-conjugatedopticalslgnalsviatheopticaltransmisslonpath. 

and converting the received optical signal into a radio frequency 
signal, a second light reception section for receiving another 
one of the two phase-conjugated optical signals via the optical 
transmission path, and converting the received optical signal into 
20 a radio frequency signal , an input switching section for receiving 
the radio frequency signals respectively outputted from the first 
and second light reception sections . and selectively outputting 
one of the received radio frequency signals, a level comparison 
section for receiving the radio frequency signals respectively 
25 outputted from the first and second light reception sections . and 
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comparing the radio frequency signals with respect to a signal 
power intensity, and a control section for controlling, hased on 
a comparison result obtained from the level comparison section, 
the input switching section so as to select one of the radio frequency 
signals which has a greater signal power Intensity. 

Alternatively still, the base station may include: an input 
switching section for receiving the two phase-conjugated optical 
signals via the optical transmission path, and selectively 
outputting one of the received two phase-conjugated optical 
signals; a light reception section for converting the optical 
signal selectively outputted from the input switching section into 
a radio frequency signal, a level comparison section for receiving 
the radio frequency signal outputted from the light reception 
section, and comparing the received radio frequency signal and 
15 a previously received radio frequency signal with respect to a 
signal power intensity, and a control section for controlling. 
b ased on a comparison result obtained from the level comparison 
section, the input switching section such that the light reception 
section always receives a radio frequency signal having a greater 

20 signal power intensity. 

Further, the control station may include, a first light 
source for outputting an optical signal having a wavelength of 
XI, a second light source for outputting an optical signal having 
a wavelength of X2 different from the wavelength of XI: a first 
25 optical multiplexing section for multiplexing the optical signal 
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naving the wavelength of .1 and the optical signal having the 
wavelengthofWlntoaflrstmultlplexedoptlcalslgnal; an optical 

intensity modulation section for modulating an Intensity of the 
first multiplexed optical signal outputted from the first optical 
5 multiplexing section with the radio frequency signal, and for 
generating two phase-conjugated optical signals hased on the first 
multiplexed optical signal having Its Intensity modulated; a first 
W avelength demultiplexing section for separating only the optical 
signal having the wavelength of XI from one of the two 

* „ „„ tln »i signals generated by the optical 
10 phase-conjugated optxcal signaj-» a 

intensity modulation section; a second wavelength demultiplexing 
section for separating only the optical signal having the 
wavelength of K2 from another one of the two phase-conjugated 
optical signals generated hy the optical intensity modulation 
15 section; andasecondopticalmultiplexingsectionf or multiplexing 
the optical signal having the wavelength of U separated hy the 
f irst wavelength demultiplexing section and the optical signal 
naving the wavelength of X2 separated hy the second wavelength 
demultiplexing section into a second multiplexed optical signal. 

■ « -.-v^ second multiplexed optical signal via 
20 and for transmitting the second muxuxp 

the optical transmission path. 

Typically, the hase station for use with the above control 
station includes; a wavelength demultiplexing section for 
receiving the second multiplexed optical signal via the optical 
25 transmission path, and demultiplexing the second multiplexed 
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optical signal into the optioal signal having the «avelength of 
U and the optioal signal having the wavelength of X2; an inpnt 
switching section for receiving the optical signal having the 
wavelength of XI and the optical signal having the wavelength of 
5 X2 . and selectively outpntting a predetermined one of the optical 
signal having the wavelength of XI and the optical signal having 
the wavelength of X2 in accordance with a transmission distance 
to the control station ; and a light reception section for converting 
the predetermined optical signal selectively outputted from the 
10 input switching section into a radio frequency signal. 

Alternatively , the base station may include: a wavelength 
demultiplexing section for receiving the second multiplexed 
optical signal via the optioal transmission path. and 
demultiplexing the second multiplexed optical signal into the 
1, optical signal having the wavelength of U and the optical signal 
having the wavelength of X2; a first light reception section for 
receiving one of the optical signal having the wavelength of XI 
and the optical signal having the wavelength of X2 . and ccnvertlng 
the received optical signal into a radio frequency signal; a second 
20 light reception section for receiving another one of the optical 
signal having the wavelength of XI and the optical signal having 
the wavelength of «. and converting the received optical signal 
into a radio frequency signal; and an input switching section fcr 
receiving the radio frequency signals respectively outputted from 
25 the first and second light reception sections, and selectively 
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outputting a predetermined one of the received radio frequency 
signals in accordance with a transmission distance to the control 
section. 

Alternatively still, the case station may include: a 
wavelength demultiplexing section for receiving the second 
mu ltlplexed optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
optical signal having the wavelength of XI and the optical signal 
having the wavelength of X2; a first light reception section for 
receiving one of the optical signal having the wavelength of XI 
and the optical signal having the wavelength of X2 . and converting 
the received optical signal into aradlo freguency signal, a second 
light reception section for receiving another one of the optical 
signal having the wavelength of XI and the optical signal having 
„ the wavelength of X2 . and converting the received optical signal 
into a radio frequency signal; an input switching section for 
receiving the radio freguency signals respectively outputted from 
the first and second light reception sections, and selectively 
outputting one of the received radio freguency signals; a level 
20 comparison section for receiving the radio frequency signals 
respectively outputted from the first and second light reception 
sections . and comparing the received radio frequency signals with 
reS pect to a signal power intensity; and a control section for 
controlling, hased on a comparison result obtained from the level 
25 comparison section, the input switching section so as to select 
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one of the received radio f requency signals which has a greater 

signal power intensity. 

Alternatively still, the base station may Include: a 
wavelength demultiplexing section for receiving the second 
5 multiplexed optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
optical signal having the wavelength of U and the optical signal 
having the wavelength of », an input switching section for 
receiving the optical signal having the wavelength of XI and the 
„ cptical signal having the wavelength of ». and selectively 
outputtmg one of the received optical signals: a light reception 
section for converting the optical signal outputted from the input 
switching section into a radio frequency signal ; a level comparison 
section for receiving the radio frequency signal outputted from 
„ the light reception section, and comparing the received radio 
f reguency signal and a previously received radio frequency signal 
with respect to a signal power intensity; and a control section 
for controlling, based on a comparison result obtained from the 
ievel comparison section, the input switching section such that 
2 „ the light reception section always receives a radio frequency 
signal having a greater signal power intensity. 

Furthermore, the control station may include = a light source 
for outputtmg an optical signal; an optical intensity modulation 
section for modulating an intensity of the optical signal outputted 
from the light source with the radio frequency signal, and 
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10 



15 



generating two phase-conjugated optical signals eased on the 
eptical signal having its intensity modulated; a first polarized 
W ave adjustment section for adjusting a polarized wave of one of 
the two phase-conjugated optical signals generated by the optical 
intensity adulation section: a second polarized wave adjustment 
section for adjusting a polarized wave of another one of the two 
phase-conjugated optical signals generated hy the optical 
intensity modulation section, so as to he perpendicular to the 
polarized wave of the optical signal which has heen adjusted hy 
the first polarized wave adjustment section; and a polarized wave 
oomhining section for comhinlng the optical signals having their 
polarized waves respectively adjusted hy the first and second 
polarized wave adjustment sections into a combined optical signal, 
such that their polarized waves are kept perpendicular to each 
other, the polarized wave comhinlng section transmitting the 
combined optical signal via the optical transmission path. 

Typically, the base station for use with the above control 
stationincludes=apolarizedwaveseparationsectionforrecelving 

tb. combined optical signal via the optical transmission path. 
, and separating the received combined optical signal into twc 
optical signals having their polarized waves perpendicular to each 
other; an input switching section for receiving the two optical 
signals obtained through separation by the polarized wave 
separation section, and selectively outputting a predetermined 
one of the received two optical signals in accordance with a 
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transmission distance to the control section and a light reception 
section for converting the optical signal selectively ontputted 
from the input switching section into a radio frequency signal. 

Alternatively, the base station may include: a polarized 
, W ave separation section for receiving the combined optical signal 
via the optical transmission path, and separating the received 
oombined optical signal into two optical signals having their 
polarised waves perpendicular to each other; a first light 
reception section for receiving one of the two optical signals 
10 having their polarised waves perpendicular to each other, and 
converting the received optical signal into a radio frequency 
signal; a second light reception section for receiving another 
one of the two optical signals having their polarized waves 
perpendicular to each other, and converting the received optical 
15 signallntoaradiofrequencysignal; and an input switching section 
for receiving the radio f reguency signals respectively ontputted 
from the first and second light reception sections . and selectively 
outputting a predetermined one of the received radio f reguenoy 
signals in accordance with a transmission distance to the ccntrol 
20 station. 

Alternatively still, the base station may include: a 
polarized wave separation section for receiving the ccmbined 
optical signal via the optical transmission path, and separating 
the received combined optical signal into two optical signals 
25 having their polarized waves perpendicular to each other; a first 
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light reception section for receiving one of the two optical signals 
having their polarized waves perpendicnlar to each other, and 
converting the received optical signal Into a radio frequency 
signal; a second light reception section for receiving another 
5 one of the two optical signals having their polarized waves 
perpendicular to each other, and converting the received optical 
signal into a radio frequency signal; an input switching section 
for receiving the radio frequency signals respectively outputted 
from the first and second light reception sections . and selectively 
10 outputting one of the received radio frequency signals; a level 
comparison section for receiving the radio frequency signals 
respectively outputted from the first and second light reception 
sections . and comparing the received radio frequency signals with 
respect to a signal power intensity; and a control section for 
15 controlling, hased on a comparison result obtained from the level 
comparison section, the input switching section so as to select 
one of the received radio frequency signals which has a greater 

signal power intensity. 

Alternatively still, the base station may include: a 

20 polarized wave separation section for receiving the combined 
optical signal via the optical transmission path, and separating 
the received optical signal into two optical signals having their 
polarized waves perpendicular to each other; an input switching 
section for receiving the two optical signals Into which the 

25 received combined optical signal has been separated by the 
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polarized wave separation section, and selectively outputting one 
of the received two optical signals; a light reception section 
for converting the optical signal selectively outputted from the 
input switching section into a radio frequency signal; a level 
5 comparison section for receiving the radio frequency signal from 
the light reception section, and comparing the received radio 
frequency signal and a previously received radio frequency signal 
with respect to a signal power intensity; and a control section 
for controlling, based on a comparison result obtained from the 
10 level comparison section, the input switching section such that 
the light reception section always receives a radio frequency 
signal having a greater signal power intensity. 

It is preferred that the optical intensity modulation section 
includes a Mach- Zehnder interferometer . It is also preferred that 
15 the optical intensity modulation section is made of a crystal having 
an electrooptic effect. The crystal having the electrooptic 
effect may be lithium niobate. If the optical transmission path 
is an optical fiber, it is preferred that a zero-dispersion 
wavelength range of the optical fiber is different from a wavelength 
20 range of the light source. In this case, preferably, the 
zero-dispersion wavelength range of the optical fiber may be a 
1.3 ^ range, and the wavelength range of the light source may 

be a 1.55 [m range. 

A second aspect of the present invention is directed to a 
25 method for optically transmitting a radio frequency signal from 
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a control station to at least one base station . The method includes 
the steps of : modulating an intensity of a predetermined optical 
signal with the radio frequency signal; generating two 
phase-con jugated optical signals based on the optical signal having 
its intensity modulated; transmitting the generated two 
phase-conjugated optical signals in a predetermined transmission 
form via an optical transmission path; receiving the two optical 
phase-conjugated signals transmitted in the predetermined 
transmission form via the optical transmission path; selecting 
one of the received two phase -conjugated optical signals which 
has a greater signal power intensity; and converting the selected 
optical signal into the radio frequency signal. 

As described above, in the present invention, two 
phase -con jugated signals are transmitted from the control station 
to the base station. The base station receives one of the two 
phase- con jugated signals which is predetermined based on a distance 

from the control station or determined by comparing the two 
phase- conjugated signals with respect to a signal power intensity 
level. Thus, the base station is able to readily receive a radio 
frequency signal having a greater power intensity without requiring 
considerably high adjustment accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram schematically showing an exemplary 
structure of radio frequency optical transmission systems 
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according tc first thrcugh fourth embodiments of the present 
invention; 

PIG. 2 is a block diagram showing an exemplary structure 
of an optical transmission section as described in the first through 

fourth embodiments; 

FIG. 3 is a block diagram illustrating a structure of a base 

station described in the first embodiment; 

FIG. 4 is a diagram showing bias voltage dependence of an 
intensity of optical signals outputted from an optical intensity 
modulation section included in an optical transmission section 
of a radio frequency optical transmission system of the present 
invention; 

FIG. 5 is a diagram showing bias voltage dependence of an 
intensity of an optical signal outputted from an optical intensity 
modulation section Included In a conventional optical transmission 
section; 

FIG. 6 shows transmission distance dependence of a power 
intensity of a radio frequency signal in a conventional radio 
frequency optical transmission system; 

FIG. 7 shows transmission distance dependence of a power 
intensity of a radio frequency signal in the radio frequency optical 
transmission system of the present invention; 

FIG. 8 is a block diagram showing a structure of abase station 
described in the second embodiment; 
5 FIG . 9 is a block diagram showing a structure of a base station 
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described in the third embodiment; 

FIG. 10 is a block diagram showing a structure of a base 
station described in the fourth embodiment; 

FIG. 11 is a diagram schematically showing an exemplary 
5 structure of radio frequency optical transmission systems 
according to fifth through eighth embodiments of the present 
invention; 

FIG. 12 is a block diagram showing an exemplary structure 
of an optical transmission section as described in the fifth through 

10 eighth embodiments ; 

FIG. 13 is a block diagram showing a structure of a base 
station described in the fifth embodiment; 

FIG. 14 is a block diagram showing a structure of a base 
station described in the sixth embodiment; 
15 FIG. 15 is a block diagram showing a structure of a base 

station described in the seventh embodiment; 

FIG. 16 is a block diagram showing a structure of a base 
station described in the eighth embodiment; 

FIG. 17 is a diagram schematically showing an exemplary 
20 structure of radio frequency optical transmission systems 
according to ninth through twelfth embodiments of the present 
invention; 

FIG. 18 is a block diagram showing an exemplary structure 
of an optical transmission section as described in the ninth through 
25 twelfth embodiments ; 
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FIG. 19 Is a block diagram showing a structure of a base 
station described in the ninth embodiment; 

FIG. 20 is a block diagram showing a structure of a base 
station described in the tenth embodiment; 
5 FIG. 21 is a block diagram showing a structure of a base 

station described in the eleventh embodiment; 

FIG. 22 is a block diagram showing a structure of a base 
station described in the twelfth embodiment; 

FIG. 23 is a schematic diagram showing a conventional radio 
10 communication system using a radio frequency signal; 

FIG. 24 is a graph showing an exemplary relationship between 
transmission distances and power of received transmission signals ; 
and 

FIG. 25 is a block diagram showing an exemplary structure 
15 of a conventional optical transmitter. 

BEST MODE FOR CARRYING OUT THE INVENTION 
(First Embodiment) 

FIG. 1 is a diagram schematically showing a radio frequency 
20 optical transmission system according to a first embodiment of 
the present invention. In the radio frequency optical 
transmission system according to the first embodiment shown in 
FIG. 1, a control station 10 is connected to n base stations 21- 2n 
by an optical transmission path which includes, for example, two 
25 optical fibers 31 and 32. FIG. 2 is a block diagram showing a 
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structure of an optica! transmission section 11 provided in the 
control station 10. In FIG. 2. the optical transmission section 
U includes a li 9 ht source 12. a drive section 13. an optical 
intensity modulation section 14 , a DC control section 15 . and an 

^ ifi PIG 3 is a block diagram illustrating 
5 amplification section 16 . FIG. j is a u 

. structure of the hase station 21. Xn FIG. 3. the hase station 
21 includes an input switching section 211. a light reception 
section 212. an amplification section 213. and an antenna 214. 
Other hase stations 22 through 2n are configured in amanner similar 
10 to the hase station 21. and therefore only the hase station 21 
is described in detail below. 

Firstly, an operation of the radio frequency optical 
transmissionsystemaccordingtothefirstembodin.entisdescribed. 

in the optical transmission section 11. the light source 
„ 12 is controlledby the drive section 13 so as to output aprescribed 
optical signal. The amplification section 16 amplifies an 
externally-inputted radio frequency «BF, transmission signal to 
. desired level. The DC control section 15 controls a direct 
current bias voltage to be supplied to the optical intensity 
2 „ modulation section 14. The optical intensity modulation section 
14 initially modulates the intensity of an optical signal outputted 

,, Mith the rf transmission signal amplified 
from the light source 12 wxth tne k* 

by the amplification section 16. Then, the optical intensity 
Adulation section 14 divides the optical signal, which has its 
25 intensity modulated, into two optical signals. The optical 
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intensity modulation section 14 outputs one of the two optical 
signals to a port A (or a port B) without processing it. and the 
other optical signal is Inverted and outputted to the port B (or 
the port A) . Consequently, two optical signals, which are phase 
conjugated with respect to each other (i.e.. 180" out of phase 
with each other) . are outputted from the ports A and B. FIG. 4 
is a diagram showing an exemplary bias voltage-intensity 
characteristic (i.e. , bias voltage dependence ) of optical signals 
outputted from the ports A and B of the optical intensity modulation 
section 14. The two optical signals outputted from the ports A 
and B of the optical Intensity modulation section 14 are 
respectively transmitted through the optical fibers 31 and 32 to 
each of the base stations 21 through 2n. 

in the base station 21. each of the two optical signals 
IS transmitted from the control station 10 through the optical fibers 
31 and 32 is inputted into a corresponding one of two input terminals 
of the input switching section 211. The input switching section 
211 is an optical switch having two input terminals and one output 
terminal, for example, and selectively outputs one of the two 
20 optical signals inputted into the input terminals thereof . based 
on a distance between the control station 10 and the base station 
21. The light reception section 212 receives the optical signal 
selectively outputted from the input switching section 211. and 
converts the received optical signal into a radio frequency signal . 
25 The amplification section 213 amplifies the radio frequency signal 
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obtained by the light reception section 212 to a desired level. 
The amplified radio frequency signal is radiated into space from 

the antenna 214. 

Described next is an effect achieved by the radio frequency 
5 optical transmission system of the present invention in comparison 
to an effect achievedby a conventional system. FIG . 5 is a diagram 
showing an exemplary bias voltage-intensity characteristic of an 
optical signal outputted from the conventional system having one 
output pert. Expressions (1) and (2) shewn below respectively 
X0 represent reception signals Pa and Pb obtained after cptical 
signals having their intensities modulated with a radio frequency 
signal when bias voltages are set at Va and Vb shewn In FIG. 5 
are transmitted through optical fibers. 
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Pa = 1 + zjl + Jl (k V, (/fc)cos(qf, 2 + 1» cos(2af,/ + 2aff, ) (1) 
Pb = 1 + Zfi + Jl (*)•/. (JOcosCS? " 0) cos(2af,f + 2qff, ) (2) 



in the above expressions (1) and (2). k=*Vd/2V*. V* is a 
20 half wave voltage of the optical Intensity modulation section, 
and Vd is a radio frequency signal voltage. 

FIG. 6 shows transmission distance dependence obtainedbased 
on the above expressions (1) and (2) with respect to pewer 
intensities of radio frequency signals in the case of transmitting 
optical signals through 1.3 p. Z ero-dispersicn optical fibers. 
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In pig. 6. It is assumed that the radio frequency signals each 
h ave a frequency of 40 GHz. and an optical received power is kept 
constant regardless of the transmission distance. Power 
intensities of the radio frequency signals are normalized with 
B a power intensity obtained when the transmission distance is zero . 
As is appreciated from FIG. 6. the power intensities of the radio 
frequency signals after transmission show characteristics such 
that the radio frequency signal with each oias voltage is extremely 
attenuated at regular intervals. These two characteristics are 
10 contradictory to each other . and therefore hy optimally selecting 
one of the bias voltages, it is possible to keep the normalized 
power intensity of the radio frequency signal so as to be equal 

to or more than 0 dB. 

in a radio communication system in which the control station 
« and a base station are connected one-to-one. by changing a bias 
voltage to be set. it is made possible to obtain a radio frequency 
signal having a power intensity of 0 dB or more. However, in a 
radio co™nunication system in which the control station andn base 
stations are connected one-to-n. transmission distances between 
20 the control station and the base stations are irregular and various . 
Accordingly, it can be considered that there is a considerable 
difficulty in setting a bias voltage such that all the base stations 
are able to obtain a radio frequency signal having apower intensity 

of 0 dB or more. 

in order to solve the above problem, the radio frequency 
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optical transmission system according to the first embodiment of 
the present invention includes the optical intensity modulation 
section 14 provided in the control station 10 and having a function 
of dividing an intensity modulated signal into two signals and 
5 af unotion of inverting thephase of the intensity modulated signal . 
as well as a function of modulating the intensity of an optical 
signalwithanRFsignal. The optical intensity modulation section 
14 outputs two optical signals, which are phase conjugated with 
respect to together. In each of the base stations 21-2n. the two 
10 phase-condugatedopticalsignalsaresi^ultaneouslyinputted. and 

the input switching section 211 selects one of the two 
phase-conjugated signals which is more suitable for the base 
station. 

It can be readily understood from FIGs. 4 and 5 that for 
15 enable, in the case where the bias voltage is set at VI shown 
in FIG. 4 , an optical signal outputted from the port A is equivalent 
to an optical signal obtained when the bias voltage is set at Va 
shown in FIG. 5. and similarly, an optical signal outputted from 
the port B is equivalent to an optical signal obtained when the 
20 bias signal is set at Vb shown in FIG. 5. Accordingly, the optical 
signals obtained from both of the ports A and B are transmitted 
through their respective different optical fibers to each of the 
base stations 21-2n. and each of the base stations 21-2n suitably 
selects and receive the optical signal outputted from either the 
25 port A or B. For example, in FIG. 6. base stations, which are 
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located away from the control station by a transmission distance 
of between 0 km and 2 . 3 km or between 4 . 6 km and 6 . 9 km. selectively 
receive the optical signal from the port A. while base stations, 
which are located away from the control station at a transmission 
5 distance of between 2 . 3 km and 4 , 6 km or between 6 . 9 km and 9 . 2 
km. selectively receive the optical signal from the port B. 
Accordingly, as shown in PIG. 7. it is possible to obtain a signal 
having a radio frequency signal power Intensity of 0 dB or more 
at any transmission distance. Therefore, in the case where the 
10 optical received power is constant, it Is possible to obtain an 
RF signal having a power which is greater when it is transmitted 
than when the transmission distance is zero. 

As described above, in the radio frequency optical 
transmission system according to the first embodiment of the 
15 present Invention, two phase-conjugated optical signals are 
transmitted from the control station . Each base station receives 
a predetermined one of the two phase-conjugated optical signals 
based on a transmission distance from the control station. 
Therefore, the base station is able to readily receive a radio 
20 frequency signal having a high power intensity without requiring 
considerably high adjustment accuracy. 
( Second Embodiment ) 

in a second embodiment, the base stations 21 through 2n used 
in the radio frequency optical transmission system according to 
25 the first embodiment are structured in a manner different from 
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those shown in FIG. 3. FIG. 8 is a bloc* diagram illustrating 
a structure of the base station 21 included in a radio frequency 
optical transmission system according to the second embodiment, 
in FIG. 8. the base station 21 includes a first light reception 
section 221. a second light reception section 222. an input 
switching section 223 . an amplification section 224 . and an antenna 



225. 



in the base station 21. two optical signals transmitted from 
the control station 10 through the optical fibers 31 and 32 are 
10 inputted into the first and second light reception sections 221 
and 222. respectively. The first and second light reception 
sections 221 and 222 convert the inputted optical signals into 
radio frequency signals . The input switching section 223 receives 
each of the radio frequency signals obtained through conversion 
„ by the first and second light reception sections 221 and 222 . and 
selectively outputs one of the radio frequency signals based on 
a distance between the control station 10 and the base station 
21 . The amplification section 224 amplifies the radio frequency 
signal outputted from the input switching section 223 to a desired 
20 level. Theampllfiedradiofrequencysignalisradiatedintospace 

from the antenna 225. 

Note that although the second embodiment has been described 
with respect to a case where one amplification section 224 is 
provided between the antenna 225 and the input switching section 
25 223 . one or more amplification sections 224 can be provided both 
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between the first light reception section 221 and the input 
switching section 223 ana between the second light reception 
section 222 and the input switching section 223. 
(Third Embodiment) 

in a third embodiment . the base stations 21 through 2n used 
in the radio frequency optical transmission system according to 
the first embodiment are structured in a manner different from 
those shown in FIGS. 3and„. FIG. 9 is a bloc* diagram illustrating 
a structure of the base station 21 included in a radio frequency 
„ optical transmission system according to the third embodiment . 
in FIG. 9. the base station 21 includes a first light reception 
section 231. a second light reception section 232. a level 
comparison section 233. a control section 234. an input switching 
section 235. an amplification section 236, and an antenna 237. 

in the base station 21. two optical signals transmitted from 
the control station 10 through the optical fibers 31 and 32 are 
inputted into the first and second light reception sections 231 
and 232. respectively. The first and second light reception 
sections 231 and 232 convert the Inputted optical signals into 
20 radio frequency signals. The level comparison section 233 
compares the radio frequency signals obtained through conversion 
by the first and second light reception sections 231 and 232 with 
respect to their power intensities. The control section 234 
determines which one of the radio frequency signals has a greater 
25 power intensity based on a comparison result obtained by the level 
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on The control section 234 then controls 
comparison sectxon 233. The controx 

the input switching section 235 sc as tc output the radio frequency 
signal having a greater power intensity to the amplification 
section 236. The input switching section 235 receives each of 

5 the radio frequency signals obtained through conversion by the 
first and second light reception sections 231 and 232. and 
selectively outputs one of the radio frequency signals in 
accordance with an instruction given by the control section 234. 
The amplification section 236 amplifies the radio f requenoy signal 

10 outputted from the input switching section 235 to a desired level . 
The amplified radio frequency signal is radiated into space from 

the antenna 237 . 

in the above structure, the base station 21 is able to 
automatically select an optimum optical signal, i.e.. a radio 
M frequency signal having a high signal intensity. Note that 
although the third embodiment has been described with respect to 
a case where one amplification section 236 is provided between 
the input switching section 235 and the antenna 237. one or more 

one: nan be nrovided both between the first 
amplification sections 236 can De proviueu. 

2 „ light reception section 231 and the input switching section 235 
and between the second light reception section 232 and the input 
switching section 235. 

(Fourth Embodiment) 

Xn a fourth embodiment, the base stations 21 through 2n used 
25 in the radio frequency optical transmission system according to 
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th e first embodiment axe structured in a manner different from 
th ose shown in FIGS. 3. 8. and 9. FIG. 10 is a bloc* diagram 
Illustrating a structure of the base station 21 included in a radio 
frequency optical transmission system according to the fourth 
5 embedment. In FIG. 10. the base station 21 includes an input 
switching section 241. a light reception section 242. a level 
comparison section 243. a control section 244. an amplification 
section 245. and an antenna 246. 

in the base station 21 . two optical signals transmitted from 
10 the control station 10 through the optical fibers 31 and 32 are 
inputted into the input switching section 241 . The input switching 
section 241 selectively outputs one of the two optical signals 
in accordance with en instruction given by the control section 
244. Note that at the time when the base station is initially 
15 provided, an optical signal is selected in accordance with default 
settings. The light reception section 242 receives the optical 
signal selectively outputted from the input switching section 241 . 
and converts the received optical signal into a radio frequency 
signal . The level comparison section 243 detects apower intensity 
20 of the radio frequency signal obtained through conversion by the 
light reception section 242. and compares the detected power 
intensity with a reference value stored therein. As a result of 
comparison, if the detected power intensity is lower than the 
reference value, the level comparison section 243 instructs the 
control section 244 to switch the input switching section 241. 
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Hote that if the detected power intensity is higher than the 
reference value, the level comparison secticn 243 gives nc 
instruction . The control section 244 switches the input switching 
section 241 in accordance with the instruction given by the level 
cemparison section 243. The amplification section 245 receives 
the radio frequency signal obtained through conversion hy the light 
reception section 242. and amplifies the received radio frequency 
signal to a desired level. The amplified radio frequency signal 
is radiated into space from the antenna 246. 

in the above structure, the base station 21 is able to 
automatically select an optimum optical signal, i.e.. a radio 
frequency signal having a high signal Intensity. Note that 
although the fourth embodiment has been described with respect 
to a case where one amplification section 245 is provided between 
15 the light reception section 242 and the antenna 246. one or more 
amplification sections 245 can be provided both between the input 
switching section 241 and the light reception section 242 and 
b etween the light reception section 242 and the level comparison 

section 243. 
20 (Fifth Embodiment) 

PIG . 11 is a diagram schematically showing a radio frequency 
optical transmission system according to a fifth embodiment of 
the present invention. In the radio frequency optical 
transmission system according to the fifth embodiment shown in 
25 FIG. 11 . a control station 40 is connected to n base stations 51-5n 
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by an optical transmission path which includes a single optloal 
fiber 60. FIG. 12 is a block diagram showing a structure of an 
optical transmission section 41 provided in the control station 
40. in FIG. 12. the optical transmission section 41 includes a 
5 first light source 42a. a second light source 42b. a first drive 
section 43a. a second drive section 43b. an optical intensity 
Modulation section 44. a DC control section 45. an amplification 
section 46. a wavelength multiplexing section 47. a first 
wavelength demultiplexing section 48a. a second wavelength 
10 demultiplexing section 48b. and an optical multiplexing section 
49. FIG. 13 is a block diagram illustrating a structure of the 
base station 51. In FIG. 13. the base station 51 includes a 
wavelength demultiplexing section 511. an input switching section 
512. a light reception section 513. an amplification section 514. 
15 and an antenna 515. Other base stations 52 through 5n are 
configured in amanner similar to the base station 51 . and therefore 
only the base station 51 is described in detail below. 

in the optical transmission section 41. the first light 
source 42a is controlled by the first drive section 43a so as tc 
2 „ output an optical signal having a wavelength of U . and the second 
light source 42b is controlled by the second drive section 43b 
so as to output an optical signal having a wavelength of X.2. The 
wavelength of XI is different from the wavelength of X.2 (X.1-X2) . 
Tbe wavelength multiplexing section 47 multiplexes the optical 
25 signal having the wavelength cf XI and the optical signal having 
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the wavelength of X2 together. The amplification section 46 
amplifies an externally-inputted radio frequency (BP) 
transmission signal to a desired level. The DC control section 
45 controls a direct current bias voltage to be supplied to the 
optical intensity modulation section 44. The optical intensity 
modulation section 44 initially modulates the intensity of a 
multiplexed optical signal outputted from the wavelength 
multiplexing section 47 with the RF transmission signal amplified 
by the amplification section 46. Then, the optical intensity 
modulation section 44 divides the optical signal, which has its 
intensity modulated, into two optical signals. The optical 
intensity modulation section 44 outputs one of the two optical 
signals to a port A (or a port B) without processing it. and the 
other optical signal is inverted and outputted to the port B (or 
the port A) . consequently, two optical signals . which are phase 
conjugated with respect to each other (i.e.. 180° out of phase 
with each other) . are outputted from the ports A and B . The first 
wavelength demultiplexing section 48a separates only the optical 
signal having the wavelength of U from the optical signal outputted 
20 from the port A of the optical intensity modulation section 44. 
and outputs the optical signal having the wavelength of XI. The 
second wavelength demultiplexing section 48b separates only the 
optical signal having the wavelength of K2 from the optical signal 
outputted from the port B of the optical intensity modulation 
25 section 44 . and outputs the optical signal having the wavelength 
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of X2 . The optical multiplexing section 4 9 multiplexes the optical 
signal having the wavelength of XI obtained by the first wavelength 
demultiplexing section 48a and the optical signal having the 
wavelength of X2 obtained by the second wavelength demultiplexing 
5 section 48b into a multiplexed optical signal, and outputs the 
multiplexed optical signal via the optical fiber 60. The 
multiplexed optical signal outputtedf rom the optical multiplexing 
section 49 is transmitted through the optical fiber 60 to each 
of the base stations 51 through 5n. 
10 In the base station 51, the multiplexed optical signal 

transmitted from the control station 40 through the optical fiber 
60 is inputted into the wavelength demultiplexing section 511. 
The wavelength demultiplexing section 511 demultiplexes the 
received multiplexed optical signal into an optical signal having 
15 a wavelength of XI and an optical signal having a wavelength of 
X2, and inputs each of the optical signal having a wavelength of 
XI and the optical signal having a wavelength of X2 into a 
corresponding one of input terminals of the input switching section 
512. The input switching section 512 is an optical switch having 
20 two input terminals and one output terminal, for example, and 
selectively outputs one of the two optical signals inputted into 
the input terminals thereof , based on a distance between the control 
station 40 and the base station 51. The light reception section 
513 receives the optical signal selectively outputted from the 
25 input switching section 512, and converts the received optical 
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signal into a radio frequency signal. The amplification section 
514 amplifies the radio frequency signal obtained by the light 
reception section 513 to a desired level. The amplified radio 
frequency signal is radiated into space from the antenna 515. 

In order to solve the problem as described in the first 
embodiment, the radio frequency optical transmission system 
according to the fifth embodiment of the present invention includes 
the optical intensity modulation section 44 provided in the control 
station 40 and having a function of dividing an intensity modulated 
signal into two signals and a function of inverting the phase of 
the intensity modulated signal, as well as a function of modulating 
the intensity of an optical signal with a radio frequency signal. 
The optical intensity modulation section 44 outputs two 
phase- conjugated optical signals from two output ports . The fifth 
embodiment differs from the first embodiment in that a wavelength 
division multiplex scheme is used for reducing the number of optical 
fibers to one. As is apparent from the foregoing, also in the 
radio frequency optical transmission system according to the fifth 
embodiment, it is possible to obtain a signal having a radio 
frequency signal power intensity of 0 dB or more at any transmission 
distance (see FIG. 7). 

As described above, in the radio frequency optical 
transmission system according to the fifth embodiment of the 
present invention, two phase-conjugated optical signals having 
different wavelengths are generated. The wavelengths of the two 

36 



WO 2004/112285 



2004/008473 



optical signals are multiplexed together to generate a multiplexed 
optical signal, and the generated multiplexed optical signal is 
transmitted from the control station . Each base station receives 
the multiplexed optical signal, and separates a predetermined one 
5 of the optical signals having different wavelengths from the 
received multiplexed optical signal based on a transmission 
distance from the control station. Therefore, the base station 
is able to readily receive a radio frequency signal having a high 
power intensity without requiring considerably high adjustment 

10 accuracy . 

(Sixth Embodiment) 

In a sixth embodiment, the base stations 51 through 5n used 
in the radio frequency optical transmission system according to 
the fifth embodiment are structured in a manner different from 
15 those shown in FIG. 13. FIG. 14 is a block diagram illustrating 
a structure of the base station 51 included in a radio frequency 
optical transmission system according to the sixth embodiment. 
InFIG. 14, the base station 51 includes a wavelength demultiplexing 
section 521, a first light reception section 522, a second light 
20 reception section 523, an input switching section 524, an 
amplification section 525, and an antenna 526. 

In the base station 51, a multiplexed optical signal 
transmitted from the control station 40 through the optical fiber 
60 is inputted into the wavelength demultiplexing section 521. 
25 The wavelength demultiplexing section 521 demultiplexes the 
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received multiplexed optical signal into an optical signal having 
a wavelength of U and an optical signal having a wavelength of 
X2, and inputs the optical signal having a wavelength of M and 
the optical signal having a wavelength of X2 into the first and 
second light reception sections 522 and 523, respectively. The 
first and second light reception sections 522 and 523 convert the 
inputted optical signals into radio frequency signals . The input 
switching section 524 receives the radio frequency signals obtained 
through conversion by the first and second light reception sections 
522 and 523, and selectively outputs one of the received radio 
frequency signals based on a distance between the control station 
40 and the base station 51 . The amplification section 525 amplifies 
the radio frequency signal outputted from the input switching 
section 524 to a desired level. The amplified radio frequency 
signal is radiated into space from the antenna 526. 

Note that although the sixth embodiment has been described 
with respect to a case where one amplification section 525 is 
provided between the input switching section 524 and the antenna 
526, one or more amplification sections 525 can be provided both 
between the first light reception section 522 and the input 
switching section 524 and between the second light reception 
section 523 and the input switching section 524. 
(Seventh Embodiment) 

in a seventh embodiment, the base stations 51 through 5n 
5 used in the radio frequency optical transmission system according 
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to the fifth embodiment are structured in a manner different from 
those shown in FIGS . 13 and 14. FIG. 15 is a block diagram 
illustrating a structure of the base station 51 included in a radio 
frequency optical transmission system according to the seventh 
5 embodiment. In FIG. 15. the base station 51 includes a wavelength 
demultiplexing section 531. a first light reception section 532. 
a second light reception section 533. a level comparison section 
534. a control section 535. an input switching section 536. an 
amplification section 537. and an antenna 538. 

in the base station 51. a multiplexed optical signal 
transmitted from the control station 40 thrcugh the optical fiber 
60 is inputted into the wavelength demultiplexing section 531. 
Tbe wavelength demultiplexing section 531 demultiplexes the 
received multiplexed optical signal into an optical signal having 
15 a wavelength of U and an optical signal having a wavelength of 
X2 and inputs the optical signal having a wavelength cf U and 
the optical signal having a wavelength of X2 into the first and 
second light reception sections 532 and 533. respectively. The 
fii rst and second light reception sections 532 and 533 convert the 
20 inputted optical signals into radio frequency signals. The level 
comparison section 534 compares the radio frequency signals 
obtained through conversion by the first and second light reception 
sections 532 and 533 with respect to their power intensities . The 
control section 535 determines which one of the radio frequency 
25 signals has a greater power intensity based on a comparison result 
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obtained by the level comparison section 534 . The control section 
535 then controls the input switching section 536 so as to output 
the radio frequency signal having a greater power intensity to 
the amplification section 537. The input switching section 536 
5 receives each of the radio frequency signals obtained through 
conversion by the first and second light reception sections 532 
and 533 . and selectively outputs one of the radio frequency signals 
in accordance with an instruction given by the control section 
535 . The amplification section 537 amplifies the radio frequency 
10 signal outputted from the input switching section 536 to a desired 
level . The amplified radio frequency signal is radiated into space 

from the antenna 538. 

in the above structure, the base station 51 is able to 
automatically select an optimum optical signal, i.e., a radio 
15 frequency signal having a high signal intensity. Note that 
although the seventh embodiment has been described with respect 
to a case where one amplification section 537 is provided between 
the input switching section 536 and the antenna 538, one or more 
amplification sections 537 can be provided both between the first 
20 light reception section 532 and the input switching section 536 
and between the second light reception section 533 and the input 
switching section 536 . 

(Eighth Embodiment) 

in an eighth embodiment, the base stations 51 through 5n 
25 used in the radio frequency optical transmission system according 
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to the fifth embodiment are structured in a manner different from 
those shown in FIGs. 13 through 15. FIG. 16 is a block diagram 
illustrating a structure of the base station 51 included in a radio 
frequency optical transmission system according to the eighth 
embodiment . In FIG . 16 . the base station 51 includes a wavelength 
demultiplexing section 541 , an input switching section 542 . a light 
reception section 543. a level comparison section 544, a control 
section 545. an amplification section 546. and an antenna 547. 

in the base station 51. a multiplexed optical signal 
transmitted from the control station 40 through the optical fiber 
60 is inputted into the wavelength demultiplexing section 541. 
The wavelength demultiplexing section 541 demultiplexes the 
received multiplexed optical signal into an optical signal having 
a wavelength of XI and an optical signal having a wavelength of 
X2 . and inputs the optical signal having a wavelength of XI and 
the optical signal having a wavelength of X2 into a corresponding 
one of input terminals of the input switching section 542. The 
input switching section 542 selectively outputs one of the optical 
signal having a wavelength of XI and the optical signal having 
a wavelength of X2 in accordance with an instruction given by the 
control section 545. Note that at the time when the base station 
is initially provided, an optical signal is selected in accordance 
with default settings. The light reception section 543 receives 
the optical signal selectively outputted from the input switching 
> section 542 , and converts the received optical signal into a radio 
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frequency signal . The level comparison section 544 detects apower 
intensityoftheradiofrequencysignalobtainedtnroughconversion 

by the light reception section 543 , and compares the detected power 
intensity with a reference value stored therein. As a result of 
comparison, if the detected power intensity is lower than the 
reference value, the level comparison section 544 instructs the 
control section 545 to switch the input switching section 542. 
Note that if the detected power intensity is higher than the 
reference value, the level comparison section 544 gives no 
instruction . The control section 545 switches the input switching 
section 542 in accordance with the instruction given by the level 
comparison section 544. The amplification section 546 receives 
the radio frequency signal obtained through conversion by the light 
reception section 543 , and amplifies the received radio frequency 
signal to a desired level. The amplified radio frequency signal 
is radiated into space from the antenna 547. 

in the above structure, the base station 51 is able to 
automatically select an optimum optical signal, i.e., a radio 
frequency signal having a high signal intensity. Note that 
although the eighth embodiment has been described with respect 
to a case where one amplification section 546 is provided between 
the light reception section 543 and the antenna 547, one or more 
amplification sections 546 can be provided both between the input 
switching section 542 and the light reception section 543 and 
5 between the light reception section 543 and the level comparison 
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section 544. 

(Ninth Embodiment) 

FIG. 17 is a diagram schematically showing a radio frequency 
optical transmission system according to a ninth embodiment of 
5 the present invention. In the radio frequency optical 
transmission system according to the ninth embodiment shown in 
FIG. 17 , a control station 70 is connected to n base stations 8l-8n 
by an optical transmission path which includes a single optical 
fiber 90. FIG. 18 is a block diagram showing a structure of an 
10 optical transmission section 71 provided in the control station 
70. in FIG. 18, the optical transmission section 71 includes a 
light source 72 . a drive section 73 . an optical intensity modulation 
section 74, a DC control section 75, an amplification section 76, 
a first polarized wave adjustment section 77a. a second polarized 
15 wavead j ustmentsection77b, and a polarized wave combining section 
78. FIG. 19 is a block diagram illustrating a structure of the 
base station 81. In FIG. 19, the base station 81 includes a 
polarized wave separation section 811, an input switching section 
812, a light reception section 813, an amplification section 814, 
20 and an antenna 815. Other base stations 82 through 8n are 
configured in a manner similar to the base station 81 , and therefore 
only the base station 81 is described in detail below. 

In the optical transmission section 71, the light source 
72 is controlled by the drive section 73 so as to output a 
25 predetermined optical signal. The amplification section 76 
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Rifles an externally-inputted radio frequency («F) 
transmission signal to a desired level. The DC control section 
7 5 controls a direct current bias voltage to be supplied to tne 
optical intensity modulation section 74. Tne optical intensity 
, modulation section 74 initially modulates the intensity of an 
optical signal outpntted from the light source 72 with the RF 
transmission signal amplified by the amplification section 76. 
Then, the optical intensity modulation section 74 divides the 
optical signal, whichhas its intensitymodulated. into two optical 
10 signals . The optical intensity modulation section 74 outputs one 
of the two optical signals to a port A (or aport B , without processing 
it. and the other optical signal is Inverted and outputted to the 
port B (or the port A) . Consequently, two optical signals . which 
are phase conjugated with respect to each ether (i.e. . 180' out 
15 of Phase with each other, . are outputted from the ports A and B. 
The first polarizedwave adjustment section 77a adjusts a polarized 
wave of the optical signal outputted from the port A of the optical 
intensity modulation section 74. The second polarized wave 
adjustment section 77b adjusts a polarized wave of the optical 
M signal outputtedf rem the port B of the optical intensitymodulation 
section 74. In this case, the first and second polarized wave 
adjustment sections 77a and 77h adjust the polarized waves of the 
optical signals so as to he perpendicular to each other. The 
polarized wave combining section 78 combines the optical signals 
25 adjustedbytheflrstandsecondpolarizedwaveadjustmentsections 
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77a and 77b into a combined optical signal. The polarized wave 
combining section 78 transmits the combined optical signal via 
the optical fiber 90 . The combined optical signal outputted from 
the polarized wave combining section 78 is transmitted through 
the optical fiber 90 to each of the bases 81 through 8n. 

In the base station 81, the combined optical signal 
transmitted from the control station 70 through the optical fiber 
90 is inputted into the polarized wave separation section 811. 
The polarized wave separation section 811 separates the received 
combined optical signal containing perpendicular polarized waves 
into optical signals having different polarized waves , and inputs 
each of the optical signals having different polarized waves into 
a corresponding one of input terminals of the input switching 
section 812 . The input switching section 812 is an optical switch 
having two input terminals and one output terminal, for example, 
and selectively outputs one of the two optical signals inputted 
into the input terminals thereof, based on a distance between the 
control station 70 and the base station 81. The light reception 
section 813 receives the optical signal selectively outputted from 
the input switching section 812 , and converts the received optical 
signal into a radio frequency signal. The amplification section 
814 amplifies the radio frequency signal obtained by the light 
reception section 813 to a desired level. The amplified radio 
frequency signal is radiated into space from the antenna 815. 

In order to solve the problem as described in the first 
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embodiment, the radio frequency optical transmission system 
according to the ninth embodiment of the present invention includes 
the optical intensity modulation section 74 provided in the control 
station 70 and having a function of dividing an intensity modulated 
signal into two signals and a function of inverting the phase of 
the intensity modulated signal , as well as a function of modulating 
the intensity of an optical signal with a radio frequency signal. 
The optical intensity modulation section 74 outputs two 
phase-conjugated optical signals from two output ports . The ninth 
embodiment differs from the first embodiment in that a polarization 
beam combining scheme is used for reducing the number of optical 
fibers to one. As is apparent from the foregoing, also in the 
radio frequency optical transmission system according to the ninth 
embodiment, it is possible to obtain a signal having a radio 
frequency signal power intensity of 0 dB or more at any transmission 

distance (see FIG. 7). 

As described above, in the radio frequency optical 
transmission system according to the ninth embodiment of the 
present invention, two phase -conjugated optical signals having 
different polarized waves are generated. The polarized waves of 
the two optical signals are adjusted and combined into a combined 
optical signal, and the generated combined optical signal is 
transmitted from the control station . Each base station receives 
the combined optical signal, and separates a predetermined one 
> of the optical signals having different polarized waves from the 
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received combined optical signal based on a transmission distance 
f rom the controi station. Therefore, the case station is able 
to readily receive a radio frequency signal having a high power 
intensity without requiring considerably high adjustment 

5 accuracy . 

(Tenth Embodiment) 

in a tenth embodiment, the base stations 81 through 8n used 
in the radio frequency optical transmission system according to 
the ninth embodiment are structured in a manner different from 
10 those shown in FIG . 19. FIG. 20 is a bloc* diagram illustrating 
a structure of the base station 81 included in a radio frequency 
optical transmission system according to the tenth embodiment. 
In FIG . 20. the base station 81 includes apolarized wave separation 
section 821. a first light reception section 822. a second light 

n„r. R23 an input switching section 824, an 
15 reception section 8ZJ. an m^u 

amplification section 825. and an antenna 826. 

in the base station 81. a multiplexed optical signal 
transmitted from the control station 70 through the optical fiber 
90 Is inputted into the polarized wave separation section 821. 
2 0 The polarized wave separation section 821 separates the received 
multiplexed optical signal containing perpendicular polarized 
waves into optical signals having different polarized waves, and 
inputs each of the optical signals into a corresponding one of 
the first and second light reception sections 822 and 823. The 
25 first light reception section 822 converts the inputted optical 
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signal into a radio f requenoy signal . Similarly, the second light 
reception section 823 converts the inputted optical signal into 
a radio frequency signal. The input switching section 824 
selectively outputs one of the radio frequency signals obtained 
5 through conversion by the first and second light reception sections 
822 and 823. based on a distance between the control station 70 
and the base station 81 . The amplification section 825 amplifies 
the radio frequency signal outputted from the input switching 
section 824 to a desired level. The amplified radio frequency 
10 signal is radiated into space from the antenna 826. 

Ncte that although the tenth embodiment has been described 
with respect to a case where one amplification section 825 is 
provided between the input switching section 824 and the antenna 
826. one or more amplification sections 825 can be provided both 
„ between the first light reception section 822 and the input 
switching section 824 and between the second light reception 
section 823 and the input switching section 824. 
(Eleventh Embodiment) 

in an eleventh embodiment, the base stations 81 through 8n 
20 used in the radio frequency optical transmission system according 
to the ninth embodiment are structured in a manner different from 
tnose shown in FIGs. 19 and 20. FIG. 21 is a bloc* diagram 
illustrating a structure of the base station 81 included in a radio 
frequency optical transmission system according to the eleventh 
25 embodiment . In FIG . 21 . the base station 81 includes a polarized 
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4-^« r^i a -First light reception section 832, 
wave separation section 831, a first ny* 

a second light reception section 833. a level comparison section 
83 4. a control section 835. an Input switching section 836. an 
amplification section 837. and an antenna 838. 

a the base station 81. a multiplexed optical signal 
transmitted from the control station 70 through the optical 
90 is inputted into the polarized wave separation section 831. 
The polarized wave separation section 83! separates the received 
m ulti P lexed optical signal containing perpendicular polarized 
„ waves into optical signals having different polarized waves . and 
inputs each of the optical signals into a corresponding one of 
the first and second light reception sections 832 and 833. The 
first light reception section 832 converts the inputted optical 
signal Into a radio frequency signal. Similarly, the second light 
15 reception section 833 converts the inputted optical signal into 
a radio frequency signal. The level comparison section 834 
compares the radio f regency signals obtained through conversion 

/. h„m- rpcention sections 832 and 833 with 
by the first and second light reception 

respect to their power intensities. The control seotion 835 
20 determines which one of the radio frequency signals has a greater 
power intensity based on a comparison result obtained by the level 

„, mvia control section 835 then controls 
comparison section 834. The concrox * 

the input switching section 836 so as to output the radio frequency 
signal having a greater power intensity to the amplification 
seotion 837. The input switching section 836 receives each of 
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the radio frequency signals obtained through conversion by the 
£irs t and second light reception sections 832 and 833. and 
selectively outputs one of the radio frequency signals in 
accordance with an instruction given hy the control section 835. 
. The amplification section 837 amplifies the radio frequency signal 
outputted from the input switching section 836 to a desired level. 
T he amplified radio frequency signal is radiated into space from 

the antenna 838. 

in the above structure, the base station 81 is able to 
10 automatically select an optimum optical signal, i.e.. a radio 
frequency signal having a high signal intensity. Note that 
although the eleventh embodiment has been described with respect 
to a case where one amplification section 837 is provided between 
the input switching section 836 and the antenna 838. one or more 
„ amplification sections 837 can be provided both between the first 

r-xo and the input switching section 836 
light reception section 832 ana rne ^ 

a -i^^f reoeDtion section 833 and the input 
and between the second light reception s 

switching section 836. 

(Twelfth Embodiment) 

in a twelfth embodiment, the base stations 81 through 8n 
csed in the radio frequency optical transmission system according 
,o the ninth embodiment are structured in a manner different from 
these shown in FIGs. 19 through 21. FIG. 22 is a bloc* diagram 
illustrating a structure of the base station 81 included in a radio 
25 frequency optical transmission system according to the twelfth 
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em hodiment . in FIG . 22 . the base station 81 includes a polarized 
wave separation section 841. an input switching section 842. a 
light reception section 843. a level comparison section 844. a 
control section 845. an amplification section 846. and an antenna 
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in the base station 81. a multiplexed optical signal 
transmitted from the control station 70 through the optical fiber 
,0 is inputted into the polarized wave separation section 841. 
Tne polarized wave separation section 841 separates the received 
multiplexed optical signal containing perpendicular polarized 
waves into optical signals having different polarized waves, and 
inputs each of the optical signals into a corresponding one of 
input terminals of the input switching section 842. The input 
switching section 842 selectively outputs one of the two optical 
signals having different polarized waves in accordance with an 
instruction given by the control section 845. Note that at the 
time when the base station is initially provided . an optical signal 
having a predetermined polarized wave is selected in accordance 
with default settings. The light reception section 843 receives 
0 the optical signal selectively outputted from the input switching 
section 842. and converts the received optical signal into a radio 
freguenoy signal . The level comparison section 844 detects apcwer 
intensityoftheradiofrequencysignalcbtainedthroughconversion 

by the light reception section 843 . and compares the detected power 
25 intensity with a reference value stored therein. As a result of 
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comparison, if the detected power intensity is lower than the 
reference value, the level comparison section 844 instructs the 
control section 845 to switch the input switching section 842. 
Note that if the detected power intensity is higher than the 
5 reference value, the level comparison section 844 gives no 
instruction. The control section 845 switches the input switching 
section 842 in accordance with the instruction given by the level 
comparison section 844. The amplification section 846 receives 
the radio frequency signal obtained through conversion by the light 
10 reception section 843 , and amplifies the received radio frequency 
signal to a desired level. The amplified radio frequency signal 
is radiated into space from the antenna 847. 

in the above structure, the base station 81 is able to 
automatically select an optimum optical signal, i.e., a radio 
15 frequency signal having a high signal intensity. Note that 
although the twelfth embodiment has been described with respect 
to a case where one amplification section 846 is provided between 
the light reception section 843 and the antenna 847, one or more 
amplification sections 846 can be provided both between the input 
20 switching section 842 and the light reception section 843 and 
between the light reception section 843 and the level comparison 
section 844. 

Note that each of the optical intensity modulation sections 
14, 44, 74 respectively described in the first, fifth, and ninth 
25 embodiments is realized by providing aMach- Zehnder interferometer 
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on a crystal having an electrooptic effect (e.g. , lithium niobate) . 

Further, the zero -dispersion wavelength of an optical fiber 
and the wavelength of a light source are not identical to each 
other. For example, it is conceivable to combine a 1.3 m 
5 zero -dispersion optical fiber and a 1.55 p light source or to 
combine a 1.55 (jun zero- dispersion optical fiber and a 1.3 \m light 
source. Recently, in particular, a broad wavelength band is 
considered for use in coarse wavelength- division multiplexing 
(CWDM) applications, and therefore there are a variety of possible 
10 combinations of the optical fiber and the light source, including 
combinations of an optical fiber and a light source which are 
intended for the same wavelength band. 

Furthermore , although the first through twelfth embodiments 
have been described with respect to downlink optical transmission 
15 from the control station to the base station, the present invention 
provides a similar effect in the case of uplink optical transmission 
from the base station to the control station. 

INDUSTRIAL APPLICABILITY 

20 The present invention is advantageous to, for example, a 

subcarrier optical transmission system in which a modulated radio 
frequency signal is optically transmitted, and is useful, in 
particular, in preventing a signal in a millimeter -wave band from 
being lost due to the influence of chromatic dispersion of the 

25 optical fiber. 
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CLAIMS 



1. A radio frequency optical transmission system for 
optically transmitting a radio frequency signal, the system 
comprising: 

a control station for generating two phase-conjugated 
optical signals having their intensities modulated with the radio 
frequency signal, and transmitting the generated two 
phase-conjugated optical signals in a predetermined transmission 
form via an optical transmission path; and 

at least one base station for receiving the two 
phase- con jugated optical signals transmitted in the predetermined 
transmission form from the control station via the optical 
transmission path, and selectively processing one of the received 
two phase-conjugated optical signals which has a greater signal 
power intensity. 

2. The radio frequency optical transmission system 
according to claim 1, wherein the control station includes: 
a light source for outputting an optical signal; and 
an optical intensity modulation section for modulating an 
intensity of the optical signal outputted from the light source 
with the radio frequency signal, and for generating two 
phase-con jugated optical signals based on the optical signal having 
its intensity modulated, and transmitting the generated two 
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phase-conjugated optical signals via the optical transmission 
path. 

3. The radio frequency optical transmission system 
5 accordingtoclai*.*. wherein the at least one base station includes : 
an input switching section for receiving the two 
phase-conjugatedoptical signals via thecptical transmission path, 
and selectively outputting a predetermined one of the received 
two phase-conjugated optical signals in accordance with a 
10 transmission distance to the control station; and 

a light reception section for converting the predetermined 
optical signal selectively outputted from the input switching 
section into a radio frequency signal. 

15 4. The radio frequency optical transmission system 

according to claim 2 . wherein the at least onehase station includes -. 

a first light reception section for receiving one of the 
two phase-conjugated optical signals via the optical transmission 
path, and converting the received optical signal into a radio 

20 frequency signal; 

a second light reception section for receiving another one 
of the two phase-conjugated optical signals via the optical 
transmission path, and converting the received optical signal into 

a radio frequency signal; and 

an input switching section for receiving the radio frequency 
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signals respectively outputted from the first and second light 
reception sections, and selectively outputting a predetermined 
one of the received radio frequency signal in accordance with a 
transmission distance to- the control station. 

5. The radio frequency optical transmission system 
according to claim 2 . wherein the at least one base station includes : 

a first light reception section for receiving one of the 
two phase-conjugated optical signals via the optical transmission 
path, and converting the received optical signal into a radio 

frequency signal; 

a second light reception section for receiving another one 
of the two phase-conjugated optical signals via the optical 
transmission path . and converting the received optical signal into 
a radio frequency signal; 

an input switching section for receiving the radio frequency 
signals respectively outputted from the first and second light 
reception sections , and selectively outputting one of the received 
radio frequency signals; 

a level comparison section for receiving the radio frequency 
signals respectively outputted from the first and second light 
reception sections , and comparing the radio frequency signals with 
respect to a signal power intensity; and 

a control section for controlling, based on a comparison 
5 result obtained from the level comparison section, the input 
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switching section so as to select one of the radio frequency signals 
which has a greater signal power intensity. 

6. The radio frequency optical transmission system 
according to claim 2 , wherein the at least one base station includes : 

an input switching section for receiving the two 
phase-conjugated optical signals via the optical transmission path, 

and selectively outputting one of the received two phase-conjugated 

optical signals; 

a light reception section for converting the optical signal 
selectively outputted from the input switching section into a radio 

frequency signal; 

a level comparison section for receiving the radio frequency 
signal outputted from the light reception section, and comparing 
the received radio frequency signal and a previously received radio 
frequency signal with respect to a signal power intensity; and 
a control section for controlling, based on a comparison 
result obtained from the level comparison section, the input 
switching section such that the light reception section always 
receives a radio frequency signal having a greater signal power 
intensity. 

7. The radio frequency optical transmission system 
according to claim 1, wherein the control station includes: 

a first light source for outputting an optical signal having 
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a wavelength of XI; 

a second light source for outputting an optical signal having 
a wavelength of X2 different from the wavelength of XI; 

a first optical multiplexing section for multiplexing the 
optical signal having the wavelength of XI and the optical signal 
having the wavelength of X2 into a first multiplexed optical signal ; 

an optical intensity modulation section for modulating an 
intensity of the first multiplexed optical signal outputted from 
the first optical multiplexing section with the radio frequency 
signal, and for generating two phase -conjugated optical signals 
based on the first multiplexed optical signal having its intensity 
modulated ; 

a first wavelength demultiplexing section for separating 
only the optical signal having the wavelength of XI from one of 
the two phase-conjugated optical signals generated by the optical 
intensity modulation section; 

a second wavelength demultiplexing section for separating 
only the optical signal having the wavelength of X2 from another 
one of the two phase- conjugated optical signals generated by the 
optical intensity modulation section; and 

a second optical multiplexing section for multiplexing the 
optical signal having the wavelength of XI separated by the first 
wavelength demultiplexing section and the optical signal having 
the wavelength of X2 separated by the second wavelength 
demultiplexing section into a second multiplexed optical signal. 
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and for transmitting the second multiplexed optical signal via 
the optical transmission path. 

8. The radio frequency optical transmission system 
5 according to claim 7, wherein the at least one base station includes: 
a wavelength demultiplexing section for receiving the second 
multiplexed optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
optical signal having the wavelength of XL and the optical signal 
10 having the wavelength of X2; 

an input switching section for receiving the optical signal 
having the wavelength of U and the optical signal having the 
wavelength of 7,2. and selectively outputting a predetermined one 
of the optical signal having the wavelength of M and the optical 
15 signal having the wavelength of \2 in accordance with a transmis s ion 
distance to the control station; and 

a light reception section for converting the predetermined 
optical signal selectively outputted from the input switching 
section into a radio frequency signal. 

20 

9. The radio frequency optical transmission system 
according to claim 7 , wherein the at least one base station includes : 
a wavelength demultiplexing section for receiving the second 
multiplexed optical signal via the optical transmission path, and 
25 demultiplexing the second multiplexed optical signal into the 
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optical signal having the wavelength of XI and the optical signal 
having the wavelength of X2; 

a first light reception section for receiving one of the 
optical signal having the wavelength of XI and the optical signal 
having the wavelength of X2. and converting the received optical 
signal into a radio frequency signal; 

a second light reception section for receiving another one 
of the optical signal having the wavelength of XI and the optical 
signal having the wavelength of X2, and converting the received 
optical signal into a radio frequency signal; and 

an input switching section for receiving the radio frequency 
signals respectively outputted from the first and second light 
reception sections, and selectively outputting a predetermined 
one of the received radio frequency signals in accordance with 
a transmission distance to the control section. 

10. The radio frequency optical transmission system 
according to claim 7 , wherein the at least one base station includes : 
a wavelength demultiplexing section for receiving the second 
multiplexed optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
optical signal having the wavelength of XI and the optical signal 
having the wavelength of X2; 

a first light reception section for receiving one of the 
5 optical signal having the wavelength of Xl and the optical signal 
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having the wavelength of X2, and converting the received optical 
signal into a radio frequency signal; 

a second light reception section for receiving another one 
of the optical signal having the wavelength of XI and the optical 
signal having the wavelength of X2. and converting the received 
optical signal into a radio frequency signal; 

an input switching section for receiving the radio frequency 
signals respectively outputted from the first and second light 
reception sections . and selectively outputting one of the received 

radio frequency signals; 

a level comparison section for receiving the radio frequency 
signals respectively outputted from the first and second light 
reception sections, and comparing the received radio frequency 
signals with respect to a signal power intensity; and 

a control section for controlling, based on a comparison 
result obtained from the level comparison section, the input 
switching section so as to select one of the received radio frequency 
signals which has a greater signal power intensity. 

11. The radio frequency optical transmission system 
according to claim 7 . wherein the at least one base station includes : 

a wavelength demultiplexing section for receiving the second 
multiplexed optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
5 optical signal having the wavelength of XI and the optical signal 
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having the wavelength of X2; 

an input switching section for receiving the optical signal 
having the wavelength of Xl and the optical signal having the 
wavelength of X.2 , and selectively outputting one of the received 

optical signals; 

a light reception section for converting the optical signal 
outputted from the input switching section into a radio frequency 
signal; 

a level comparison section for receiving the radio frequency 
signal outputted from the light reception section, and comparing 
the received radio frequency signal and a previously received radio 
frequency signal with respect to a signal power intensity; and 

a control section for controlling, based on a comparison 
result obtained from the level comparison section, the input 
switching section such that the light reception section always 
receives a radio frequency signal having a greater signal power 
intensity. 

12. The radio frequency optical transmission system 
according to claim 1, wherein the control station includes: 

a light source for outputting an optical signal; 

an optical intensity modulation section for modulating an 
intensity of the optical signal outputted from the light source 
with the radio frequency signal, and generating two 
phase-conjugated optical signals based on the optical signal having 
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its intensity modulated; 

a first polarized wave adjustment section for adjusting a 
polarized wave of one of the two phase-conjugated optical signals 
generated by the optical intensity modulation section; 
5 a second polarized wave adjustment section for adjusting 

a polarized wave of another one of the two phase-conjugated optical 
signals generated by the optical intensity modulation section, 
so as to be perpendicular to the polarized wave of the optical 
signal which has been adjusted by the first polarized wave 
10 adjustment section; and 

a polarized wave combining section for combining the optical 
signals having their polarized waves respectively adjusted by the 
first and second polarized wave adjustment sections into a combined 
optical signal, such that their polarized waves are kept 
15 perpendicular to each other , the polarized wave combining section 
transmitting the combined optical signal via the optical 
transmission path. 

13. The radio frequency optical transmission system 
20 according to claim 12, wherein the at least one base station 
includes : 

a polarized wave separation section for receiving the 
combined optical signal via the optical transmission path, and 
separating the received combined optical signal into two optical 
25 signals having their polarized waves perpendicular to each other ; 
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an input switching section for receiving the two optical 
signals obtained through separation by the polarized wave 
separation section, and selectively outputting a predetermined 
one of the received two optical signals in accordance with a 
5 transmission distance to the control section; and 

a light reception section for converting the optical signal 
selectively output ted from the input switching section into a radio 
frequency signal. 

0 I*. The radio frequency optical transmission system 

according to claim 12. wherein the at least one hase station 
includes : 

a polarized wave separation section for receiving the 
combined optical signal via the optical transmission path, and 
15 separating the received combined optical signal into two optical 
signals having their polarized waves perpendicular to each other; 

a first light reception section for receiving one of the 
two optical signals having their polarized waves perpendicular 
to each other, and converting the received optical signal into 

20 a radio frequency signal; 

a second light reception section for receiving another one 
of the two optical signals having their polarized waves 
perpendicular to each other, and converting the received optica! 
signal into a radio frequency signal; and 

an input switching section for receiving the radio frequency 
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signals respectively outputted from the first and second light 
reception sections, and selectively outputting a predetermined 
one of the received radio frequency signals in accordance with 
a transmission distance to the control station. 

15. The radio frequency optical transmission system 
according to claim 12, wherein the at least one base station 
includes : 

a polarized wave separation section for receiving the 
combined optical signal via the optical transmission path, and 
separating the received combined optical signal into two optical 
signals having their polarized waves perpendicular to each other; 

a first light reception section for receiving one of the 
two optical signals having their polarized waves perpendicular 
to each other, and converting the received optical signal into 
a radio frequency signal; 

a second light reception section for receiving another one 
of the two optical signals having their polarized waves 
perpendicular to each other, and converting the received optical 
signal into a radio frequency signal; 

an input switching section for receiving the radio frequency 
signals respectively outputted from the first and second light 
reception sections , and selectively outputting one of the received 
radio frequency signals; 

a level comparison section for receiving the radio frequency 
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signals respectively outputted from the first and second light 
reception sections, and comparing the received radio frequency 
signals with respect to a signal power intensity; and 

a control section for controlling, based on a comparison 
5 result obtained from the level comparison section, the input 
switching section so as to select one of the received radio frequency 
signals which has a greater signal power intensity. 

16. The radio frequency optical transmission system 
10 according to claim 12, wherein the at least one base station 
includes : 

a polarized wave separation section for receiving the 
combined optical signal via the optical transmission path, and 
separating the received optical signal into two optical signals 
15 having their polarized waves perpendicular to each other; 

an input switching section for receiving the two optical 
signals into which the received combined optical signal has been 
separatedby the polarized wave separation section, and selectively 
outputting one of the received two optical signals; 
20 a light reception section for converting the optical signal 

selectively outputted from the input switching section into a radio 

frequency signal; 

a level comparison section for receiving the radio frequency 
signal from the light reception section , and comparing the received 
25 radio frequency signal and a previously received radio frequency 
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signal with respect to a signal power intensity; and 

a control section for controlling, based on a comparison 
result obtained from the level comparison section, the input 
switching section such that the light reception section always 
5 receives a radio frequency signal having a greater signal power 
intensity. 

17. The radio frequency optical transmission system 
according to claim 2, wherein the optical intensity modulation 

10 section includes a Mach-Zehnder interferometer. 

t 

18. The radio frequency optical transmission system 
according to claim 7, wherein the optical intensity modulation 
section includes a Mach-Zehnder interferometer. 
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19. The radio frequency optical transmission system 
according to claim 12, wherein the optical intensity modulation 
section includes a Mach-Zehnder interferometer. 

20. The radio frequency optical transmission system 
according to claim 2 , wherein the optical intensity modulation 
section is made of a crystal having an electrooptic effect. 



21. The radio frequency optical transmission system 
25 according to claim 7 , wherein the optical intensity modulation 
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section is made of a crystal having an electrooptic effect. 

22. The radio frequency optical transmission system 
according to claim 12, wherein the optical intensity modulation 

5 section is made of a crystal having an electrooptic effect. 

23. The radio frequency optical transmission system 
according to claim 20 , wherein the crystal having the electrooptic 
effect is lithium niobate. 
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24. The radio frequency optical transmission system 
according to claim 21 , wherein the crystal having the electrooptic 
effect is lithium niobate. 

25. The radio frequency optical transmission system 
according to claim 22 , wherein the crystal having the electrooptic 
effect is lithium niobate. 

26. The radio frequency optical transmission system 
according to claim 2, wherein the optical transmission path is 
an optical fiber, and a zero- dispersion wavelength range of the 
optical fiber is different from a wavelength range of the light 
source . 



25 27. The radio frequency optical transmission system 
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according to claim 7 , wherein the optical transmission path is 
an optical fiber, and a zero-dispersion wavelength range of the 
optical fiber is different from a wavelength range of the light 
source . 

5 

28. The radio frequency optical transmission system 
according to claim 12, wherein the optical transmission path is 
an optical fiber, and a zero-dispersion wavelength range of the 
optical fiber is different from a wavelength range of the light 

10 source . 

29. The radio frequency optical transmission system 
according to claim 2 6 , wherein the zero - dispersion wavelength range 
of the optical fiber is a 1.3 p range, and the wavelength range 

15 of the light source is a 1.55 \m range. 



30. The radio frequency optical transmission system 
according to claim 27 , wherein the zero-dispersion wavelength range 
of the optical fiber Is a 1.3 pm range, and the wavelength range 

20 of the light source is a 1.55 ym range. 

31. The radio frequency optical transmission system 
according to claim 28 , wherein the zero -dispersion wavelength range 
of the optical fiber is a 1.3 |Ui range , and the wavelength range 

25 of the light source is a 1.55 \xm range. 
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32 . A control station for optically transmitting a radio 
frequency signal to a base station , the control station comprising : 
a light source for outputting an optical signal having a 

5 wavelength of Xl; and 

an optical intensity modulation section for modulating an 
intensity of the optical signal outputted from the light source 
with the radio frequency signal, and generating two 
phase-conjugated optical signals based on the optical signal having 

10 its intensity modulated. 

33. The control station according to claim 32, further 
comprising: 

a second light source for outputting an optical signal having 
15 a wavelength of X2 different from the wavelength of XI; 

a first optical multiplexing section for multiplexing the 
optical signal having the wavelength of Xl and the optical signal 
having the wavelength of X2; 

a first wavelength demultiplexing section for separating 
20 only the optical signal having the wavelength of XI from one of 
the two phase-conjugated optical signals generated by the optical 
intensity modulation section; 

a second wavelength demultiplexing section for separating 
only the optical signal having the wavelength of X2 from another 
25 one of the two phase-conjugated optical signals generated by the 
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optical intensity modulation section; and 

a second optical multiplexing section for multiplexing the 
optical signal having the wavelength of XI separated by the first 
wavelength demultiplexing section and the optical signal having 
5 the wavelength of X2 separated by the second wavelength 
demultiplexing section, 

wherein the optical intensity modulation section uses the 
radio frequency signal to modulate an intensity of a multiplexed 
optical signal outputted from the first optical multiplexing 
10 section, rather than an intensity of either the optical signal 
having the wavelength of XI outputted from the first light source 
or the optical signal having the wavelength of X2 outputted from 
the second light source. 

15 34. The control station according to claim 32, further 

comprising: 

a first polarized wave adjustment section for adjusting a 
polarized wave of one of the two phase -conjugated optical signals 
generated by the optical intensity modulation section; 
20 a second polarized wave adjustment section for adjusting 

a polarized wave of another one of the two phase -conjugated optical 
signals generated by the optical intensity modulation section, 
so as to be perpendicular to the polarized wave of the optical 
signal which has been adjusted by the first polarized wave 
25 adjustment section; and 
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a polarized wave combining section for combining the optical 
signals having their polarized waves respectively adjusted by the 
first and second polarized wave adjustment sections into a combined 
optical signal, such that their polarized waves are kept 
perpendicular to each other, the polarized wave combining section 
transmitting the combined optical signal via the optical 
transmission path. 

35. A method for optically transmitting a radio frequency 
signal from a control station to at least one base station, the 
method comprising the steps of: 

modulating an intensity of a predetermined optical signal 
with the radio frequency signal; 

generating two phase-conjugated optical signals based on 
the optical signal having its intensity modulated; 

transmitting the generated two phase -conjugated optical 
signals in a predetermined transmission form via an optical 

transmission path; 

receiving the two optical phase- conjugated signals 
transmitted in the predetermined transmission form via the optical 

transmission path; 

selecting one of the received two phase-conjugated optical 
signals which has a greater signal power intensity; and 

converting the selected optical signal into the radio 
frequency signal. 
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AMENDED CLAIMS 
[received by the International Bureau on 10 November 2004 (10. 1 1 .04); 
original claims 32-34 cancelled 
(3 pages)] 



32. (Cancelled) 



33. (Cancelled) 
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34. (Cancelled) 
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35 . A method for optically transmitting a radio frequency 
10 signal from a control station to at least one base station, the 
method comprising the steps of: 

modulating an intensity of a predetermined optical signal 

with the radio frequency signal; 

generating two phase -conjugated optical signals based on 
15 the optical signal having its intensity modulated; 

transmitting the generated two phase -conjugated optical 
signals in a predetermined transmission form via an optical 

transmission path; 

receiving the two optical phase-conjugated signals 
20 transmitted in the predetermined transmission form via the optical 

transmission path; 

selecting one of the received two phase-conjugated optical 
signals which has a greater signal power intensity; and 

converting the selected optical signal into the radio 
25 frequency signal. 
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